1,275) from Brazil, Mexico, and Poland were shown 3 versions of the tool. Understanding, appreciation, simplicity and intent to use were evaluated using a questionnaire consisting of 26 items. Key Messages: Among the 3 versions tested, one tool emerged as the most highly understood (88% spontaneous understanding) and was highly appreciated by users (mean [SD]: 8.40 [2.20] out of 10). There were no differences between countries. Furthermore, 83% reported being very likely to use the tool daily. These results suggest that a simple tool based on the UC scale will help pregnant and breastfeeding women meet the AI for total water.
milk (which consists of 87% water) progressively increases, such that 6 weeks postpartum, it reaches an average of 750 mL·day -1 , a significant, additional water loss [2, 3] . To support the accretion of total body water during pregnancy and compensate for the extra water lost through breast milk during breastfeeding, several health regulatory bodies worldwide have established increased adequate intakes (AI) for total water (originating from both fluids and food) for pregnant and breastfeeding women compared with non-pregnant, non-breastfeeding women. Both European [2] and North American [1] organizations propose an additional water consumption of 300 mL·day -1 during pregnancy, and then recommend an additional water intake of 700 mL·day -1 [2] or 1,100 mL·day -1 [1] during breastfeeding. Despite this widespread advice to increase water intake during pregnancy and breastfeeding, few studies have investigated the water consumption patterns of pregnant and breastfeeding women around the world, and to what extent they meet AI during this period. In one study conducted with 308 pregnant or breastfeeding women in Mexico, 41% of pregnant women and 54% of breastfeeding women failed to meet national intake guidelines [4] . An Indonesian survey reported nearly identical results among 595 pregnant or breastfeeding women: 42% of pregnant women and 54% of breastfeeding women consumed less than the AI of water from fluids, established by the Indonesian Ministry of Health [5] . Finally, a recent observational study that followed a sample of American women, from the first trimester of pregnancy into early breastfeeding, reported mean total fluid intake levels of 2.3 and 2.1 L·day -1 , respectively, which indicated that the women did not increase their water intake at all during the early weeks of breastfeeding [6] .
These studies investigate fluid consumption in few countries, yet the findings consistently suggest the need to raise awareness of the importance of adequate water intake (AWI through water originating from fluids), particularly during pregnancy and breastfeeding, as well as to provide women with a simple means of monitoring their hydration levels on a day-to-day basis.
Urine output and more specifically urine concentration respond to changes in daily fluid intake [7] . Among measures of urine concentration, urine color (UC) is well suited for field use, as it can be measured without the use of special equipment, using a simple hand-held scale. An 8-point UC scale developed by Armstrong et al. [8, 9] has been shown to track day-to-day changes of hydration in healthy adults and in children [7, [10] [11] [12] [13] . More recently, the validity of this tool to assess hydration in pregnant and breastfeeding women has also been established [14] . Moreover, in children, the use of the UC scale has been shown to improve hydration status in young athletes [15] , suggesting that awareness plays a role in improving drinking behaviors. Given that many pregnant and breastfeeding women appear to fall short of AWI [4, 16] , developing a tool based on the UC scale, specifically designed for this population, may encourage increased water consumption.
Because insufficient intake appears to be a global issue, we sought to develop a tool based on the UC scale, using only images or illustrations, which could be understood by users of various nationalities and spoken languages. Using a two-phase approach, we first worked with groups of pregnant and breastfeeding women and healthcare professionals (e.g., gynecologists, nutritionists, dietitians, midwives) to design 3 visuals that represented an illustrated hydration self-assessment tool based on the UC scale. Using these 3 visual versions of the UC scale, our aims were to (1) evaluate understanding, relevance for daily use, and appreciation of the tool among pregnant and breastfeeding women; and (2) select the most effective version of a tool based on the UC scale.
Methods

Description of the 3 Tools Based on the UC Scale
Three different visual representations of the 8-point UC scale developed by Armstrong et al. [8, 9] were created. In these 3 designs, the 8-point UC scale was divided into 3 sections (lightest 3 shades -you are doing well, middle 3 shades -pay attention, and darkest 2 shades -warning). Using the universal color code based on a traffic light, these groupings were delimited by colorcoded borders: green (lightest UC), orange (medium UC), and red (darkest UC). The first design, Tool 1, contained the following visual elements: the target population illustrated inside a water drop; and 3-step instructions for using the tool (drink; use the toilet; assess color). The 3 sections of the UC scale were supported by corresponding "smiley" faces indicating the evaluation of UC (smile, neutral expression, and frown, respectively, from lightest to darkest colors). Tool 2 followed a similar principle, with the sections of the UC scale associated with respective smiley faces in support. However, in Tool 2, there were 2 key differences: first, to the left of the UC scale, an illustration of a woman drinking more or less water was associated with each section of the scale. The aim was to link a woman's prior intake (high, moderate, low) to the color of urine. Second, the usage instructions in Tool 2 featured only 2 steps (water jug; UC). Tool 3 also included a representation of drinking water, but the positioning and intended message were different: instead of a link to (prior) water intake, each section of the UC scale was linked on the right 
Participants
This study included 1,275 pregnant and breastfeeding women in Brazil, Mexico, and Poland. We defined quotas for the number of pregnant and breastfeeding women and also regarding women's status (primipara, or multipara), as first-time mothers-to-be may differ from more experienced mothers in their knowledge and awareness of hydration. Participants were recruited from an online access panel by a research agency (MetrixLab; Levallois-Perret, France). They received an email inviting them to take part in the study; those who expressed interest in participating received further written information. All participants read this information and had to attest that they read, understood, and agreed with the study content before they could begin the questionnaire.
Data Collection
The data were collected between November 4th and 18th, 2015, using an anonymous, self-completed, online questionnaire; the average completion time was 21 minutes. The questionnaire was first developed in English and translated by the research agency into the Portuguese, Spanish, and Polish languages. The translation and coherence with the English version were then assessed by native speakers from each of the 3 countries. In terms of content, the questionnaire consisted of 26 items including both open-ended questions, as well as 5-point and 10-point Likert-scales. Possible responses ranged from strong agreement, to neutral, to strong disagreement ( Table 1 ). The questionnaire aimed to evaluate understanding, relevance of daily use, and appreciation of a tool based on the UC scale; it also aimed to assess baseline hydration awareness among the participants.
In order to evaluate the 3 design options of the tool, we sought to evaluate both spontaneous as well as guided understanding. First, to evaluate spontaneous understanding, participants were shown one of the 3 visuals, at random, without any explanation, and then asked in an open question, "What do you understand?". Participants then expressed how well they liked the design and answered true/false statements to assess their understanding in more depth. Next, following a short explanation of the tool, the participants responded to questions related to the perceived simplicity and relevance of the design shown. Finally, participants viewed the 3 tools, indicated their preference, and explained their preference in an open question.
Statistical Analysis
All data were analyzed using JMP 10 and SAS 9.2 statistical software. Items assessing positive or negative impressions with a 5-point Likert-scale were grouped into "top 2" (strong agreement/agreement), neutral, and "bottom 2" (disagreement/strong disagreement) responses, and expressed as percentages. Appreciation, assessed with a 10 point scale, was converted into a continuous score and expressed as a mean (standard deviation). A Wilcoxon test was used to compare the mean appreciation between tools. The comparison of mean appreciation before and after explanation of each tool was done using a Wilcoxon rankedsigned test. To most open-ended items, participants provided free text responses, which ranged from a few words to several paragraphs. Two researchers read each of these responses multiple times and developed an index of codes and themes across questions. Then, each researcher independently coded openended responses. A check for consistency between the 2 researchers revealed minimal differences, which were resolved through discussion. For the open question measuring spontaneous understanding ("What do you understand?"), researchers coded the answers into 4 categories: (1) Understand totally: the tool was understood and both "UC" and "hydration" or "drinking water" were quoted. (2) Partially understood: tool was partially understood and participant mentioned "UC" or "hydration" or "drinking water." (3) Misunderstanding: participants listed ideas other than "UC" or "hydration." (4) Don't know: participants stated not having understood anything.
Pearson chi-square tests were used to further analyze data regarding understanding (test of independence) and preference (test of goodness of fit) [17] .
Results
Respondent Characteristics
The mean (SD) age of our sample was 28.6 (5.8) years. Respondents included 57% of pregnant women and 43% of breastfeeding women ( Table 2 ) . Regarding their knowledge and behavior toward hydration, almost all respondents (96%) considered being well hydrated to be very important, and 57% affirmed that they try to keep track of how much water they drink. However, 70% of respondents indicated that they drink less than 2 L of water per day, and 30% stated that they currently use a tool to track how much water they drink.
Understanding, Appreciation, and Preference among the 3 Tools
To define the most relevant design for this tool, we compared the understanding and liking across the singletool evaluations and the preferences obtained from a comparison of the 3 options.
Spontaneous Understanding Tool 2 achieved high understanding with 88% of respondents totally or partially understanding the tool (with 40% total understanding). Tool 1 achieved 69% understanding (with 27% total understanding) and Tool 3 was understood by 73% of respondents (with 17% total understanding). Understanding of Tool 2 was significantly higher than understanding of Tool 1 ( 
Simplicity and Relevance for Daily Use of the UC Scale
As Tool 2 was preferred, and evaluated as the tool with the greatest understanding and appreciation, we focused specifically on this version of the design to assess simplic- Yes/no I am not sure I drink enough water every day. I usually try to keep a track of how much water I drink during the day. I already use a tool to track the quantity of water I drink. ity and relevance of a tool based on the UC scale. Over the 405 respondents, 82% considered Tool 2 to be easy to understand; only 16% regarded it as confusing. Moreover, 83% declared Tool 2 to be easy to use. In terms of relevance for daily use, 80% of respondents agreed that Tool 2 met their needs for a tool that tracks hydration. Furthermore, the tool was perceived as a boost of motivation to increase water intake, according to 79% of pregnant and breastfeeding women. Finally, positive usage intentions were expressed by 83% of respondents, and 86% would 
Age, years 18-24  110  24  103  28  105  23  318  25  25-34  276  60  200  54  255  57  731  57  35-44  73  16  66  18  87  19  226  18  Status  Pregnant  254  55  223  60  256  57  733  57  First pregnancy  82  18  35  9  50  11 recommend the tool to someone else. Regarding supplemental information, 59% believed that Tool 2 should be presented with other material about hydration.
Discussion
This study investigated the understanding, appreciation, simplicity, and relevance for daily use of a tool based on the UC scale as a means for pregnant and breastfeeding women to self-assess their hydration. Our extensive, cross-sectional survey of 1,275 respondents produced 3 key results. First, this research identified a superior design: Tool 2 prompted very high spontaneous understanding (88% = 40% totally + 48% partially) and achieved better global performance in all 3 countries, according to the questionnaire items pertaining to general preferences across the 3 designs. Second, our sample of women reported that being well hydrated is very important, yet the vast majority of participants acknowledged that they drink less than 2 L of water per day, and less than a third of the respondents actually use a tool to measure how much they drink. These observations suggest that Tool 2 could raise awareness about hydration and encourage self-assessment of hydration among pregnant and breastfeeding women. Third, a vast majority of respondents reported that Tool 2 would encourage them to track how much water they drank, and motivated them to drink; they also expressed clear intentions to use this tool.
Though the fluid intake data collected in this study are declarative, they are consistent with surveys that have shown that pregnant and breastfeeding women across the world do not meet the daily AWI [4, 16] . The overall positive reactions of women in our study, in regards to the simplicity and utility of Tool 2, suggest that a UC scale-based tool could be utilized by healthcare professionals to help pregnant and breastfeeding women selfassess their hydration. In addition to the relevance perceived by the target population, Tool 2 revealed several strengths. First, it was clearly understood, without further instructions, even though it contained only images and illustrations. Second, understanding was not impacted by the spoken language of the user as confirmed among pregnant and breastfeeding women from 3 countries in our study. Third, the tool was greatly appreciated. Given the favorable reactions of participants toward Tool 2, we propose that this tool has the potential to be widely used. These strengths are also relevant to the wellknown gap between science and practice [18] . Despite international dietary guidelines and advice to increase water intake during pregnancy and breastfeeding [1, 2] , tracking daily total fluid consumption is time consuming. In contrast, Tool 2 accounts for inter-individual differences of water needs due to climate, physical activity, or other factors and provides women with a simple means to evaluate their hydration throughout the day [14] . Translating the validated UC scale to a user-friendly tool represents a key step in bridging the gap between science and practice, and making personalized self-assessment of hydration accessible.
The authors acknowledge 2 limitations of this study. First, respondents did not physically handle the tool (i.e., participants saw an image of the tool on their computer screens), and were exposed to the tool only while they answered the online questionnaire. Further research should conduct extended evaluations across several days and during daily activities. Second, this study was conducted in 2 continents. Although respondents in 3 countries, and speaking 3 languages evaluated Tool 2, future feedback from similar populations in other countries will assess the global utility of the tool. Nonetheless, a positive observation was that respondents in all 3 countries demonstrated a clear understanding of Tool 2. Relevant to this point, a study assessing an illustrated UC-based tool for children (i.e., containing only images with no words) was evaluated in Indonesia, Mexico, and France; the high level of understanding was unrelated to the spoken language [19] .
Conclusions
This study presents a comprehensive evaluation of an illustrated tool based on the UC scale as a means to help pregnant and breastfeeding women self-monitor hydration and adjust water intake if needed. Tool 2 offers a relevant option for pregnant and breastfeeding women, in that it is simple and useful, clearly understood, and highly appreciated. Tool 2 increased the awareness and curiosity of women about hydration and motivated them to increase their water intake according to advised AWI. Therefore, we recommend that future studies evaluate behavioral interventions in real-life settings to measure the impact of tools based on the UC scale.
